Systemic inflammatory indices are correlated with poor prognosis in cancer patients. The presence of lymphocytes in and around the tumor tissue is a predictor in rectal cancer. We aimed to explore the mechanism underlying the changes in circulating lymphocyte during neoadjuvant therapy and the way in which the count correlates with tumor response.
Introduction
Colorectal cancer is the third most common cancer, and approximately 1.2 million patients are newly diagnosed every year with colorectal cancer worldwide. [1] Preoperative chemoradiotherapy is now recommended as the standard treatment for patients with locally advanced rectal cancer, as it contributes to reduced local recurrence and toxicity. [2, 3] A previous study has reported that most patients achieved downstaging, and 15% to 27% of the patients achieved pathological complete response (pCR) after preoperative chemoradiotherapy. [4] Conventionally, chemotherapy and radiotherapy can kill tumor cells in a conventional cytotoxicity manner; however, recent evidence suggests that chemotherapy and radiotherapy could provoke immune response, which also causes tumor regression. [5, 6] Several studies have demonstrated that immune cells, especially T lymphocytes infiltrating in and around the tumor, are associated with improved patient survival. [7] [8] [9] Accordingly, systemic inflammatory response is considered to be associated with poor prognosis in various cancers, which can be reflected by the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio (LMR). [10] [11] [12] [13] [14] Some studies also pointed out that circulating lymphocyte count before treatment may be a good prognostic factor. Lower circulating lymphocyte count was correlated with a shorter overall survival (OS), and it also indicated severe toxicity due to radiotherapy. However, all these studies have focused on baseline circulating lymphocytes. [15] [16] [17] [18] Few studies have focused on the mechanisms of lymphocyte changes during neoadjuvant therapy. Hence, we aimed to investigate the mechanism underlying the changes in circulating lymphocyte count during preoperative chemoradiotherapy and the way in which the count correlates with tumor response. For this, we chose the FOWARC study, a prospective phase III study comparing neoadjuvant FOLFOX6 chemotherapy with or without radiation in locally advanced rectal cancer as a training cohort, [19] and a separate single arm phase II study, the FORTUNE study as a validation cohort.
Patients and methods
2.1. The study was based on 2 prospective cohorts 2.1.1. The training cohort. The training cohort comprised patients from the FOWARC study, which aimed to investigate the addition of oxaliplatin with or without preoperative radiotherapy in locally advanced rectal cancer. Patients enrolled in the FOWARC study data available from June 2010 to February 2015 were included in this study. Patients who were infected during treatment or who did not complete neoadjuvant therapy were excluded.
The validation cohort.
The validation cohort comprised patients from the FORTUNE study, which aimed to explore the efficacy of preoperative chemotherapy with mFOLFOXIRI in locally advanced rectal cancer. Patients diagnosed with cT4 or fixed cT3 rectal cancer evaluated by pelvic MRI between August 2014 and September 2016 were enrolled in the study. Patients with stable/progressive disease were scheduled to undergo radiation before surgery, which were excluded in this analysis.
In the FOWARC study, patients diagnosed with locally advanced stage II/III rectal cancer were randomized to 3 different treatments: 5 two-week cycles of de Gramont (leucovorin 400 mg/ m 2 and fluorouracil 400 mg/m 2 , followed by 2400 mg/m 2 fluorouracil for intravenous infusion in 48 hours) plus radiotherapy (1.8-2.0 Gy for 23-28 fractions over 5-6 weeks and a total dose of 46.0-50.4 Gy), followed by total mesolectal excision (TME) and 4 to 6 cycles of mFOLFOX plus radiotherapy (treatment was similar to that for the de Gramont-radiotherapy group plus oxalipatin 85 mg/m 2 on the first day of each cycle), followed by TME and 6 to 8 cycles of mFOLFOX, followed by TME. [19] In the FORTUNE study, patients received 4 to 6 cycles of mFOLFOXIRI (irinotecan 165 mg/m 2 , oxalipatin 85 mg/m 2 , leucovorin 400 mg/m 2 , fluorouracil 400 mg/m 2 , and 2400 mg/ m 2 fluorouracil for intravenous infusion in 48 hours). Patients who did not respond were recommended to receive radiation (1.8-2.0 Gy for 23-28 fractions over 5-6 weeks, and a total dose of 46.0-50. 4 Gy with concurrent chemotherapy regimen of mFOLFOX). Subsequently, all patients received TME.
2.1.3. Pathological assessment. The tumor stage was evaluated by 2 pathologists according to the American Joint Committee on Cancer (AJCC) TNM staging category. The tumor regression grade (TRG) was also evaluated according to the guidelines of College of American Pathologists. No residual tumor was defined as complete response (grade 0), minimal residual cancer was defined as moderate response (grade 1), minimal response was grade 2, and no definite response identified was grade 3. [20] In this study, grade 0 and grade 1 were defined as good response while grade 2 and grade 3 were defined as poor response.
2.1.4. Blood sampling and enumeration of circulating lymphocyte count. Peripheral blood was collected within 7 days before the start of neoadjuvant therapy and 7 days before rectal surgery. Circulating lymphocyte count was investigated from medical records.
All patients provided written informed consent before enrolment into the study. The study was approved by the local medical ethics committee and was conducted in accordance with the Declaration of Helsinki and good clinical practices.
Statistical analysis. SPSS 20.0 (IBM)
was used to analyze the data. Lymphocyte count decreased during chemoradiotherapy (CRT). In this study, we examined the possible relationship between lymphocyte reduction and tumor treatment response. Mann-Whitney test was used to compared lymphocyte reduction ratio between the good response group and the poor response group. A receiver operating characteristic (ROC) curve analysis was performed to determine the optimal cut-off value of the ratio of lymphocyte reduction after CRT in the training cohort, which was validated in another cohort. Chi-square tests and t tests were used to compare patient and tumor characteristics between the lymphopenia and nonlymphopenia groups. A logistic regression model was established in the multivariate analysis. The factors used within the multivariate model in the training cohort and the validation cohort were age, clinically T stage, clinically TNM stage, tumor length, baseline lymphocyte count before treatment, lymphocyte reduction.
Results

Patient characteristics
The baseline characteristics of patients in the FOWARC and FORTUNE cohorts are listed in Table 1 . In the training cohort, 307 patients were included: 90 patients in the fluorouracil+ radiotherapy group, 100 patients in the mFOLFOX6+radiother-apy group, and 117 patients in the mFOLFOX6 group. Twothird of the patients were male (206, 67.1%) and one third were female (101, 32.9%). According to the TNM staging, 29 (25.7%) patients were stage II and 228 (74.3%) were stage III. The median 
High TLC reduction related to good tumor response
TLC reduction was defined as the ratio of baseline TLC minus TLC after neoadjuvant chemotherapy to baseline TLC. TLC reduction was significantly higher in good response group. In the training cohort, lymphocyte reduction was 39.81% vs 33.31% (P = .032) in the good-response and poor-response groups, respectively. In the validation cohort, lymphocyte reduction was 25.41% vs 5.34% (P = .021) in the good-response and poorresponse groups, respectively. Tumor response was better as TLC further decreased during neoadjuvant therapy.
TLC reduction independently predict tumor response
In the training cohort, an ROC curve was used, and 24.96% was the optimal cut-off value to distinguish between lymphopenia and nonlymphopenia groups for tumor response. Among 307 patients, 203 (66.1%) patients were in the lymphopenia group and 104 (33.9%) were in the nonlymphopenia group. There were no significant differences in age, sex, T stage, TNM stage, tumor length, and baseline lymphocyte number between lymphopenia and nonlymphopenia groups. Detail univariate analysis and multivariate analysis results were shown in Table 2 . In the univariate analysis, tumor length (P = .003, OR = 0.485 95%CI 0.299-0.785) and TLC reduction (P = .005, OR = 2.009, 95%CI 1.240-3.254) were significant factors for tumor response. Only age (P = .033, OR = 0.979, 95%CI 0.960-0.998), tumor length (P = .011, OR = 0.509 95%CI 0.302-0.857), and TLC reduction (P = .004, OR = 2.103, 95%CI 1.266-3.494) were significant predictive factors for tumor response in multivariate analysis (Table 2) . In validation cohort, there were more patients (67.2%) in the nonlymphopenia group, compared with the FOWARC cohort. There was no significant difference in baseline characteristics between lymphopenia and nonlymphopenia group. Table 3 presents the results of univariate and multivariate analysis in the FORTUNE cohort. Unexpectedly, TLC was the only significant factor for tumor regression in both univariate (P = .032, OR = 3.434, 95%CI 1.111-10.614) and multivariate analysis (P = .046, OR = 3.361, 95%CI 1.024-11.035). Table 3 Effect of prognostic factors on tumor response in the validation cohort. 
Discussion
Recently, great advances have been made in immunotherapy for various cancers. For example, it was proved that the antibody of PD-1 and PD-L1 is effective and safe for melanoma, non-small-cell lung cancer, and renal-cell cancer. [21, 22] However, the treatment efficacy is limited in rectal cancer. Studies have shown that mismatch repair-deficient tumors are more responsive to PD-1 blockade than mismatch repair-proficient tumors are, which account for only 5% of rectal cancers. [23, 24] Several studies have reported that tumorinfiltrating lymphocyte is a marker for mismatch repairdeficient tumors in colorectal cancer. [25, 26] It has been established that after inactivation of DNA mismatch repair pathway, more neoantigens are released, which are highly immunogenic, and contribute to increased infiltration of tumor tissue with activated lymphocytes. [27] Several studies have demonstrated that lymphocytes infiltrating in and around the tumor are associated with improved survival. [9, 28] It has been reported that overlap of T cell receptor sequences in brain tumors and peripheral blood is a predictor of immune response and OS in patients with glioblastoma who are treated with immunotherapy, which indicated that circulating lymphocytes and tumor-infiltrating lymphocytes are correlated. [29] However, few studies have focused on the circulating lymphocytes and their impact on neoadjuvant therapy in colorectal cancer. Systemic inflammation index before treatment, for example, neutrophil-to-lymphocyte ratio, was considered to have a reverse association with the prognosis in several kinds of cancer, and to be correlated with poorer OS. All these indexes were correlated with lymphocytes. [10] [11] [12] However, few have focused on how lymphocytes change during treatment. Hence, we focused on the circulating lymphocyte and its changes during neoadjuvant therapy.
Our analysis shows that circulating lymphocyte count decreases during neoadjuvant therapy, and that lymphopenia after neoadjuvant therapy is an independent predictor in multivariate analysis for tumor regression in a prospective phase III study of neoadjuvant chemoradiotherapy of locally advanced rectal cancer. To validate its relationship with tumor regression grade, we also examined the change in circulating lymphocyte count in a prospective phase II study of intensive neoadjuvant chemotherapy of locally advanced rectal cancer. We discovered that circulating lymphocyte count decreased after neoadjuvant therapy for locally advanced rectal cancer, and that the change is correlated with tumor regression. Lymphocyte reduction is correlated with good response of the tumor.
Chemotherapy and radiation decrease the circulating lymphocyte count, which was reported to be a probable predictor of poor response to chemotherapy and immune damage caused by chemotherapy and radiation. [10] [11] [12] However, some studies have demonstrated that apoptosis of peripheral blood lymphocytes is correlated with histological regression of rectal cancer in response to preoperative chemoradiotherapy, [30] which is consistent with the results of our analysis.
We can see that in the training cohort, lymphocyte count reduction is more obvious comparing with the validation cohort, which we assume was due to the effect of radiation. Median TLC reduction of the chemotherapy only group and the other 2 chemoradiation groups were 14.29% and 52.14%. TLC reduction in the chemotherapy only group was obvious lower. It is recognized that radiation therapy targets tumor cells and releases tumor antigens, which trigger the immune system to activate tumor-specific T cells. [31] Radiation interferes directly with tumor cells and potentially breaks immune barriers between tumors and the microenvironment. [5] With regard to chemotherapy, it has been reported that drugs used at clinically effective doses may stimulate immune effector cells or subvert immunosuppressive cells. [32] Evidence suggests that chemotherapy and radiotherapy activate dendritic cells and enhance antigen presentation, thus, selectively eliminating immunosuppressive cells. [33] Oxaliplatin, a platinum-based compound that is now currently used to treat colorectal cancer and pancreatic cancer, has been shown to increase the expression of class I human leukocyte antigen on malignant cells, which enhance antigen presentation to CD8+ T cells and selectively kill immunosuppressive cells. [34] It is still unknown why decrease of lymphocyte count is correlated with good response to neoadjuvant therapy for rectal cancer; however, it may be related to the elimination of immunosuppressive cells. [35] Also we will focus on changes of subtypes of lymphocytes.
Our study supported the notion that reduction of circulating lymphocyte count is correlated with good tumor regression grade in rectal cancer, which is based on a prospective phase III randomized clinical trial of neoadjuvant therapy of rectal cancer. We validated this finding in another prospective phase II trial of rectal cancer. However, we failed to determine the definite reason behind the correlation between the reduction of circulating lymphocyte count and good tumor regression grade, and to determine the subtype of lymphocytes that decrease the most during therapy; further studies in this regard are warranted.
Conclusion
Circulating lymphocyte count decreases during neoadjuvant therapy, including chemoradiotherapy and chemotherapy alone, for locally advanced rectal cancer, and TLC reduction is associated with better tumor regression and may be a predictor of tumor reponse. It may be involved in immune response provoked by radiotherapy and chemotherapy. Further studies are warranted to elucidate why the decrease of peripheral lymphocyte count is correlated with tumor response.
